Study Design. A variety of interbody implants were imaged by computed tomography and plain radiography within cadaveric spines to evaluate their basic imaging characteristics.
Interbody spinal implants continue to gain in usage for the treatment of a variety of spinal degenerative conditions. These interbody implants are placed within the disc space between adjacent vertebral bodies and are intended to restore disc space height and facilitate longterm stability by bony fusion through and around the implant. A variety of implant designs are available in different biomaterial options. These options include titanium alloy (Ti-6AL-4V), carbon fiber reinforced polymer (CFRP), and cortical allograft bone. Imaging of the fusion mass both within and around interbody implants has become a challenge for spine surgeons and their radiology colleagues and has led to concerns about the condition of the implant on imaging studies.
1,2 The purpose of this study was to assess the imaging differences between interbody implants made of these materials in cadaveric spines in a controlled (explanted) setting.
Methods
Cadaveric human spines ( Figure 1) were secured from the Medical Education and Research Institute (Memphis, TN). Implants were placed at four adjacent levels in the lumbar region of two cadaveric spines with the following interbody implants: InterFix Threaded Fusion Device (Ti alloy; Sofamor-Danek, Memphis, TN), Lordotec Threaded Fusion Device (Ti alloy; Sofamor-Danek), MD-II Threaded Dowel (cortical allograft bone, Regeneration Technologies, Inc., Alachua, FL), and Novus Lumbar Impacted-C (LI-C; carbon fiber reinforced composite, Sofamor-Danek, Deggendorf, Germany). Implants were inserted using the manufacturer's instrumentation and standard surgical technique. For each spine, interbody implants were inserted in two conditions: standard insertion and insertion after overreaming with a reamer sized to the outer thread diameter of the implant. The overreaming case was created to attempt to assess the ability to determine this small lucency around the device using plain radiographs, computed tomography scans, and reconstructions. Also, dual devices were inserted at each level, with the exception of the Novus LI-C (which is a dual-chambered, single implant). At each level, one device (or chamber for the LI-C) was filled with autogenous bone harvested from a thoracic vertebral body or was left empty, to further assess the ability to image within the different interbody implant designs and materials.
Spines were immersed in basins filled with water, and anteroposterior and lateral conventional radiographs were obtained. In addition, computed tomographic (CT) images were acquired by a scanner (HiSpeed Advantage; General Electric, Milwaukee, WI), using 1-mm collimation at 1-mm intervals angled through each instrumented disc space. The technical parameters for scanning were similar to those for clinical imaging (120 kVp, 250 mA). Field-of-view was 15 cm. Sagittal and coronal reformations were obtained for each level.
Results
Plain radiograph and CT images were analyzed for the presence or absence of intraimplant packed cancellous bone, image artifact, and lucencies. With two cadaveric spines and two implants per spine under two different reaming conditions, each type of implant was evaluated eight times, except for the carbon cage where eight chambers were assessed. In accordance, 16 implant-endplate interfaces were evaluated. The results are listed in Table 1 .
The presence of packed bone chips within the devices was identified by CT in all cages under both reaming conditions. The increased attenuation of the higher density bone was easily detectable from the saline-filled chambers (Figure 2 ). Some air within the cages and interstices of the bone was identified because of the immersing technique. Conversely, identification of the packed bone chips within the cages was much more difficult by plain radiograph analysis. Bone could not be identified within any of the bone dowels or InterFix devices. Bone was identified within three of the four Lordotec and all of the carbon fiber devices.
Artifact was evaluated by measuring the width and plane of the metallic artifact on the axial images. No artifact was present with the bone dowels ( Figure 2D ). The metallic devices had artifact streaks extending in both the sagittal and coronal planes up to 3 mm in width (Figures 2A and 2B) . A thinner 1-mm streak was present with the carbon-fiber devices because of its thin internal barium marker ( Figure 2C ).
Lucency evaluation was performed by inspecting each cage-bone interface by plain radiograph and CT using sagittal and coronal reformations. A lucency was recorded if there was a gap of more than 1 mm extending for more than than 25% of the length of the interface. The results are tabulated separately for plain radiograph and CT in Table 1 . Lucencies were much more evident around the nonmetallic cages (15 lucencies) compared with the metallic cage (2 lucencies) by plain radiograph analysis, despite similar implantation procedures. Lucencies evident by CT were not as great but were more commonly seen around the nonthreaded carbon cage.
The final lucency evaluation was correlating the lucencies seen with both methods. A lucency seen at a particular interface by one modality and not the other was recorded (Figures 4 and 5) . The discrepancies are noted in the final column in Table 1 . These discrepancies define false-positive and false-negative interpretations of plain radiograph analysis, if CT is considered the gold standard.
Discussion
Current imaging techniques are suboptimal in evaluating spinal interbody implants. Errors in interpretation may arise in assessing the presence of bridging bone and assessing lucencies and from the obscuration by metallic artifact. Computed tomography can detect the presence of bone within all the evaluated lumbar implants but may be more difficult in smaller cervical cages. Distinction between bone and dense fibrous tissue was not evaluated. An interesting observation was made on several of the reformatted images. The packed bone chips were aligned in an orientation that created the appearance of bridging bone through the center of the implant ( Figure  3B ). The presence of bridging bone through an implant CFRP ϭ carbon fiber reinforced polymer.
has been used to identify the presence of fusion in the patient after surgery. Fusion was obviously not present in these immediate postimplantation cadaveric spines. Lucencies were more apparent with the nonmetallic implants by a 4:1 ratio. This may be because of the physical properties of the implant materials, such as a relative radiolucency of the carbon and bone cages. Tube angulation and parallax may also contribute to errors. Computed tomographic artifact can cause misinterpretation with all metallic cages. Artifact is more prominent anteriorly and posteriorly as well as at the implant-endplate interface, which may obscure thin lucencies. In radio- graphically evaluating all implants for fusion and lucencies, several sources of error must be considered.
Key Points
• Intraimplant bone cannot be accurately assessed by plain radiograph.
• Computed tomographic imaging of metallic implants contains considerable metallic artifact.
• Plain radiographs of metallic implants tended to underestimate lucencies, whereas they overestimated lucencies of nonmetallic implants.
